A viroid (GV) was isolated from grapevines recently introduced into Japan from France, West Germany, Austria, Hungary and U.S.A., as well as from those cultivated in Japan. It was detected in 28 out of 32 (88 ~o) grapevines tested. The isolates of GV had similar host ranges and induced symptoms in cucumber plants identical to those induced by hop stunt viroid (HSV). The nucleotide sequences of four GV isolates, from France, West Germany, Hungary and Japan, were identical and these formed covalently closed circular molecules 297 nucleotides in length. This sequence differed from that of HSV in one nucleotide only and from that of the cucumber isolate of HSV in being six nucleotides smaller and having 15 nucleotides different (95~o sequence homology). The result indicates that GV is a grapevine isolate of HSV and suggests that grapevines were the source of hop stunt disease in Japan.
INTRODUCTION
Viroids are infectious low molecular weight RNA species which cause serious diseases of higher plants (Diener, 1979) . In Japan, hop stunt disease has been prevalent since 1970 (Yamamoto et al., 1970) and its cause was shown to be a viroid (Sasaki & Shikata, 1977a, b) . Ohno et al. (1983) established the complete nucleotide sequence of hop stunt viroid (HSV) and showed that it was a covalently closed single-stranded RNA of 297 nucleotides. The host range of, and symptoms induced by, cucumber pale fruit viroid (CPFV) were shown to be quite similar to those of HSV (Sano et al., 1981) , and the complete nucleotide sequence of CPFV , consisting of 303 nucleotides, has 95 ~o sequence homology to HSV RNA. It was therefore suggested that CPFV was a cucumber isolate of HSV (HSV-cucumber; HSV-c) .
Recently, we isolated a viroid (GV) from grapevines cultivated in Japan Sano et al., 1985a) , and established the complete nucleotide sequence of a GV isolated from Japanese grapevine, cultivar Zenkoji. It consists of 297 nucleotides and differs only in one nucleotide from the sequence of HSV.
In this paper, we report the isolation of a GV from different sources including grapevines introduced from foreign countries and those cultivated in Japan, the establishment of its complete nucleotide sequence, and discuss the molecular aetiology of the viroids belonging to the HSV group.
METHODS
Detection of grapevine viroid. The cultivars of grapevine (Vitis vinifera L.) used in this experiment are shown in Table 1 (a,b). Leaves of 18 grapevine cultivars introduced from European countries and the U.S.A.~ and 14 grapevines cultivated in Japan were collected in 1984 from different areas of Japan. About 10 g of frozen leaf tissue was homogenized in 10 ml of extraction buffer containing 1 M-K2HPO4, 0"05~0 bentonite, 2~o SDS and 1 ~o 0000-7009 © 1986 SGM 2-mereaptoethanol. The homogenates were extracted twice with an equal volume of phenol-chloroform (1 : 1) and RNA was precipitated by adding 2 vol. 99.5% ethanol. After precipitation, RNA was dissolved in lml 0.1 M-Tris-HCI, 0.01 M-EDTA, 0.1 M-NaCI, pH 7.5 and 0.05 % bentonite and mechanically inoculated to cotyledons of 4-to 5day-old cucumber plants (Cucumis sativus L. cv. S~yo-'). After inoculation, plants were grown for at least 6 weeks in a glasshouse at 25 to 32 °C (16 h daylength).
Isolation and propagation of grapevine viroid. Four preparations of grapevine viroid were selected: GV-J, from cultivar Zenkoji, which is a traditional Japanese grapevine cultivar, cultivated in Japan for about 50 years and probably introduced from China about 110 years ago (Kuroki, 1962; Mogi et al., 1978) ; GV-M from cultivar Miiller-Thurgau, which was introduced from West Germany in 1980; GV-G from cultivar Grenache, which was introduced from France in 1983; GV-Z from cultivar Zalagyongye, which was introduced from Hungary in 1983. These samples were collected in the autumn of 1984. Plants containing GV-M, GV-G and GV-Z were checked for and found to be free from grapevine viruses such as leafroll, fanleaf, fleck and corky bark, and were transplanted and inspected during their first year.
After isolation, GVs were maintained and propagated in cucumber (cv. Suyo).
Host range of grapevine viroid. Test plants were inoculated with a solution of low molecular weight RNA extracted from GV-J-inoculated cucumber and kept in a glasshouse at 25 to 32 °C for 6 to 8 weeks. Infection was checked by back-inoculation to cucumber plants.
Purification of grapevine viroid. Purification was by the method of Uyeda et al. (1984) . Sequencing of grapevine viroid. Because GV had high sequence homology with HSV-c (Sano et al., 1985a,b) , the nucleotide sequence of GV was determined by the dideoxy chain termination method using reverse transcriptase and 5'-3zp-labelled restriction fragments prepared from HSV-c cDNA as specific primers, as described previously Sano et al., 1985b) . Primers were made by excising full-length HSV-c cDNA (one unit) from recombinant plasmid pCP 316 (pCP 316 contains two units of ds cDNA of HSV-c; details will be described elsewhere) by digestion with XhoI and digesting this with HpalI, Sau3AI and HinfI to yield six fragments. These were dephosphorylated with bacterial alkaline phosphatase and kinase-labelled at the 5' end using [),-32p]ATP (Maniatis et al., 1982) . Each fragment was separated by electrophoresis in polyacrylamide gel (PAGE) containing 8M-urea and then separated into its complementary strands by strand-separation PAGE (Maxam & Gilbert, 1977) . The strands complementary to the viroid sequence (negative strands) were selected by preliminary reverse transcription assay. In some experiments, transcribed cDNA was labelled with [ct-32p]dCTP rather than kinaselabelled primer.
RESULTS

Detection of viroid from grapevines introduced from foreign countries
GV was detected from 15 out of 18 grapevine cultivars which had been imported into Japan between 1978 and 1983, inspected for 1 year and introduced into commercial cultivation (Table 1 a). GV was detected in commonly cultivated winery varieties (Cabernet-Sauvignon, etc.) but also in the stock variety SO4. The symptoms induced in cucumbers by the 15 GV isolates were indistinguishable.
Detection of viroid from grapevines cultivated in Japan
GV was detected from 13 out of 14 samples of grapevine leaves collected from different areas of Japan (Table 1 b ). Only one sample (Koshu no.2) did not contain GV and this cultivar had been derived by meristem culture. The symptoms, such as stunting, vein clearing and leaf curling, occurring 3 to 4 weeks after inoculation, induced in cucumber by the 13 isolates were indistinguishable from each other and from those induced by HSV. Table 2 shows the host range of GV-J. No symptoms appeared in infected hop plants after 6 months. The host range and the symptoms induced resemble those of HSV and HSV-c, although symptoms appeared in these test plants about 21 to 35 days after inoculation, which is 1 week longer than the symptoms of HSV infection take to appear.
Host range of grapevine viroid
Nucleotide sequence of G V isolates from different countries
The sequences of GV-M, -G, -Z and -J were identical and formed a closed circular molecule of 297 nucleotides (Fig. l, middle) . The total number of nucleotides of GV was identical to that of HSV , and six nucleotides fewer than that of HSV-c . GV Ii II   III IIII   II   III Iiii   II   ilill   III   iiii   IIIII   IIIiill  II iii II   II   III  II IIq IIII   il  III IIIF   IF   III  III III   IIII   blllll   IIIIIIII  II III III Fig. 1, Nucleotide sequences and predicted secondary structures of HSV, HSV-g (GV) and HSV-c (CPFV). The nucleotides different from HSV are indicated by arrows.
~q ..,.j ~h 1" Each sample was inoculated on at least four cucumber plants. ,+ ND, No data. § These were checked free from leafroll, fan leaf, fleck and corky bark. No. l was grown from meristem culture, nos. 2 and 3 from a combination of meristem culture and heat therapy. They were checked free from leafroll, fleck and fan leaf. and HSV differed only in that adenine at position 54 in HSV was guanine in GV (Fig. 1) . GV and HSV-c differed in 15 nucleotides although the nucleotide at position 54 in HSV-c, like GV, was guanine.
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DISCUSSION
In previous reports, we described a viroid-like RNA (GV) from grapevines in Japan, which infected cucumber and had high sequence homology to HSV and HSV-c Sano et al., 1985a) . In this paper, we report the detection of GV in grapevines recently introduced from France, West Germany, Austria, Hungary and U.S.A., as well as in Japanese cultivars, which suggests that GV is distributed widely in grapevines cultivated in many parts of the world. Although it is possible that the grapevines introduced from foreign countries used in these experiments became infected with GV in Japan, we think this unlikely because we detected GV in four samples (Cabernet-Sauvignon, Grenache, Zalagyongye and Morio Muscat) IP Nucleotide sequence of grapevine viroid (Fernow, 1967; Diener, 1979; S~inger, 1982) , but differ in nucleotide sequence at only a few positions (Diener, 1979; S~inger, 1982) . The symptoms induced by different isolates of citrus exocortis viroid also differ (Calavan et al., 1964; S~inger, 1982; Visvader & Symons, 1983; Schlemmer et al., 1985) and those that caused different patterns of stunting and epinasty on indicator plants ('Etrog' citron or Gynura aurantiaca) also had different nucleotide sequences (Visvader & Symons, 1983) . In contrast, we could not detect any difference between the symptoms induced in cucumber plants by GV, HSV and HSV-c.
From our results, we conclude that GV is a grapevine isolate of HSV (HSV-grapevine; HSV-g), and is more closely related to HSV than to HSV-c. In Japan, grapevine was introduced earlier than hops (Kuroki, 1962; Kitajima, 1968) , and grapevine and hops share the same cultivated areas. These facts strongly suggest that HSV in hops may have originated from a grapevine viroid. It is interesting that the nucleotide sequence of GV isolated from grapevines introduced from European countries is also of the HSV type rather than the HSV-c type, whereas HSV has not been reported in European hops, but HSV-c has been isolated from cucumber in the Netherlands (Van Dorst & Peters, 1974) .
